Aim: The present study was carried out to examine the possible differences regarding the periodontal condition between individuals with a gastric cancer history diagnosed by histological examination and healthy individuals. Methods: Sixty-five patients suffered from non-cardia adenocarcinoma diagnosed by histological examination and 60 matched healthy controls were interviewed and clinically examined. Data analysis was performed by χ 2 test and logistic regression model to estimate possible correlations regarding the periodontal condition of the mentioned individuals after assessment. The assessment included the following clinical parameters: probing pocket depth, clinical attachment loss, gingival index, and bleeding on probing. Results: Smoking [odds ratio (OR) = 4.448, 95% confidence interval (CI) = 1.818-10.880], gingival inflammation (OR = 2.019, 95% CI = 0.933-11.579) and clinical attachment loss (OR = 5.167, 95% CI = 2.122-12.584), were statistically significant differences between the cases and the controls, after adjustment for smoking and socioeconomic status. Conclusion: Smoking, gingival inflammation, and clinical attachment loss were statistically significantly different between patients who had gastric cancer and healthy individuals.
INTRODUCTION
Gastric cancer (GC) constitutes a fatal disease, which is characterized by severe symptoms and clinical signs, and significantly affects the patients' quality of life. [1] Genetic influences, in combination with environmental and behavioral risk factors, have been suggested as pathogenic features of GC. The genetic component includes advanced age, male gender, genetic predisposition, family history of cancer, and other factors that remain unknown. The environmental and behavioral risk factors include heavy smoking, alcohol consumption, dietary habits, and previous H. pylori infection. [2, 3] However, the mentioned factors, can only explain a part of the GC incidence. [4] Periodontal disease (PD) especially periodontitis, is a chronic destructive and progressive disease that can affect one or more of the periodontal tissue structures. These structures are the alveolar bone, cementum, periodontal ligament, etc. [5] Periodontal infection contributes to periodontitis and leads to systemic effects. Significant associations have been recorded between PD and systemic disorders; such as cardiovascular and atherosclerotic diseases, respiratory diseases, allergies, diabetes mellitus, etc. [6] In addition, several authors have investigated the possible causative role of periodontitis in cancer development. This cancer development may include in the oral cavity, the esophagus and stomach, and the lungs and pancreas. [7] [8] [9] [10] [11] The results are conflicting even after controlling for potential confounders.
On the contrary, a few studies have been completed regarding the oral conditions in GC patients and other types of cancer. However, the possible oral and periodontal tissue conditions may be visible during the progression of the disease and in different appearance in the same patient.
The higher risk of periodontal tissue lesions in patients with cancer has been suggested to be a result of psychological burden rather than disturbances in the patients' nutrition or alterations in the oral cavity regarding the quantity/quality of saliva. Additionally, disturbances in the balance of microbiological and immunological parameters in the oral cavity that could be affected because of the chemotherapy or radiotherapy. [12, 13] It is also possible that GC patients are more susceptible to the progression and destruction of periodontal tissue than the healthy population. This observation could be attributed to the extremely poor prognosis of GC.
The present research was carried out to estimate the possible differences regarding the PD condition between individuals with a GC history, diagnosed by histological examinations, and healthy patient.
METHODS

Study sample
The sample of the study included 125 individuals, 61 males and 64 females, aged 48-78 years, which were selected from two private practices (a medical practice and a dental practice). The participants completed a medical and dental health questionnaire, and were examined clinically regarding their oral condition. The current study was performed between December 2015 and September 2016.
Patients' selection criteria
Sixty-five GC patients, who were referred by a private medical and a dental practice, accepted the invitation to take part in the study. The diagnosis of GC was determined by clinical criteria such as symptoms and signs; however, the histopathological procedure was the main diagnostic tool for the definitive diagnosis of GC. Sixty healthy individuals who were referred by a dental practice comprised the control group. Both groups, the cases and the controls, were selected from the same city population in order to avoid possible selection biases. A statistical approach for confounding control was that the selection of the control group was based on the GC patients' environment, such as friends, colleges, etc. To be more specific, the control group and the GC patients were matched regarding their age, gender, and smoking status (current/previous smokers and never smokers). According to epidemiological studies age, [14] smoking history, [15] and gender [16] have been found to be the principle risk factors for periodontitis development as covariates; [17] thus, both groups were matched for the these parameters. For each GC patient, a healthy individual of the same gender and the same age (± 3 years) was selected. For 5 of the 65 cases, no controls were found to match the criteria. The cases and the controls had at least a mean of 20 natural teeth, since less than 20 natural teeth could affect the estimation of the clinical indices examined.
In addition, all of the patients meet the clinical criteria of established periodontitis. [18] All of the participants had not received any periodontal treatment, conservative or surgical, during the previous 6 months. The patients had not been prescribed antibiotics, used anti-inflammatory, or other systemic drugs during the previous 6 weeks. [19] To avoid potential confounding influences as much as possible, the following indices were not included: diabetes mellitus, cardiovascular diseases, rheumatoid arthritis, liver cirrhosis, immunosuppressed patients or glucocorticoid therapy. Also excluded were individuals with recurrent or advanced GC, active gastrointestinal bleeding, a history of esophageal varices, prior gastric surgery for cancer, current use of anticoagulants, and gastric metastases due to a different primary location. Patients diagnosed with cardia-adenocarcinoma or other types of cancer which are located in the region of the head-neck-thorax-carcinogenesis field [20] were excluded from the study. The conditions/disorders could have potential effects on the oral tissues.
Similarly, hospital patients or patients with several types of cancer in which smoking is considered as a causal factor or as a risk factor such as larynx cancer, nasopharyngeal cancer, etc. were not included in the study. No oral hygiene instruction was given to the patients' group after diagnosis of GC and before the application of any medical treatment, i.e. surgery, radiotherapy or chemotherapy, as a major problem would have occurred regarding the intra-examiner variance.
Oral clinical examination
From the medical/dental health questionnaire and the participant's dental records, the following variables were recorded: gingival index (GI), probing pocket depth (PPD), clinical attachment loss (CAL) and bleeding on probing (BOP). All of the permanent teeth were clinically examined (except 3rd molars and any remaining root-tips) using a William's 12 PCP probe (PCP 10-SE, Hu-Friedy Mfg. Co. Inc., Chicago, IL, USA) at six sites per tooth (mesiofacial, distofacial, facial, distolingual, lingual, and mesiolingual) by the assessing dentist.
Gingival index
Six sites per tooth were examined in order to estimate the presence or absence of gingival inflammation. Using the Löe and Silness classification [21] gingival index was coded as follows: score 0, no inflammation; score 1, mild inflammation; score 2, moderate inflammation; and score 3, severe inflammation.
Periodontal examination
Six sites per tooth were also examined in order to estimate the mentioned indices (PPD, BOP, and CAL). In the cases where the Cement-Enamel Junction (CEJ) was obscured by a restoration or the tooth cervix was destructed by abrasion, decay or another lesion, the CEJ location was recorded by extrapolating the CEJ location from the adjacent teeth. In case the CEJ location was not visible, no data was recorded. PPD was coded as follows: [22] score 0: moderate periodontal pockets, 4-6 mm; and score 1: advanced periodontal pockets, > 6 mm. CAL severity was coded as follows: [23] score 0: mild, 1-2 mm of attachment loss; and score 1: moderate/severe, ≥ 3 mm of attachment loss. The PPD and CAL recorded to the immediate full millimeter. BOP absent/present was coded as follows: score 0: BOP absent and score 1: BOP present, which is considered as positive if it occurred within 15 s of probing.
Questionnaire
A self-administered questionnaire was completed by the cases and the controls. That questionnaire included the following parameters: age, gender, smoking status, socioeconomic and educational level and information regarding the participants' medical history concerning the mentioned systemic conditions/ disorders, medications and the frequency of their dental follow-up examinations. A random sample was chosen and consisted of 35 (20%) individuals was reexamined clinically by the same dentist after three weeks in order to record the intra-examiner variance. After consideration of the code numbers of the double-examined individuals, no differences were found between the clinical examinations (Cohen's Kappa = 0.98).
The current study is a case-control study and could not be reviewed and approved by authorized committees (Greek Dental Associations, Ministry of Health, etc.). However, it was performed in full accordance with the World Medical Association Declaration of Helsinki. Individuals who agreed to be in the study signed an informed consent form.
Statistical analysis
After dental clinical examinations of the cases and the controls, the worst values of the parameters assessed were recorded and coded as dichotomous variables. Males were coded as 1, current and former smokers were coded as 1, subjects with a high socioeconomic (income/monthly equivalent to or above 1,000€) and educational (graduated from University/College) level were coded as 1, individuals that had a regular dental follow-up were coded as 1. Initially χ 2 test was performed to estimate the relationship between the independent parameters examined and the GC risk, separately. Secondly, a multivariate regression analysis was performed to examine the associations between GC as a dependent variable and the independent variables were determined by the enter method. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were assessed as well. Finally, the independent variables were included in stepwise method to estimate the variables this showed statistically significant associations with the dependent variable. To avoid biased secondary associations, the statistical methods Cochran's and Mantel-Haenszel's test were calculated to control the possible confounders. Statistical analysis was carried out using the statistical package SPSS ver.17.0. A P value less than 5% (P < 0.05) was considered to be statistically significant.
RESULTS
The participants showed a mean age of 64.3 (± 3.8) years. The univariate analysis is presented in Table 1 regarding the examined variables. Educational level was found to be statistically significantly between the cases and the controls. Table 1 presents the unadjusted OR's and 95% CIs. According to the step 1a of the model, the main finding was that smoking and CAL were statistically significant differences between the cases and the controls [ Table 2 ]. Table 2 also presents adjusted ORs with 95% CIs and the final step 9a in which smoking, gingival inflammation (GI), and CAL were significantly differences between the cases and the controls. The findings existed after adjusting for known confounders, smoking and socioeconomic status [ Table 3 ].
DISCUSSION
This study has limitations that should be considered when interpreting the results. A case-control study does not have the reliability of a prospective study. Additionally, random bias, recall biases and the effect of known and unknown confounders are likely to be higher. Another limitation was that the study information based on the individuals' responses to the questionnaire. Therefore, the participants could not respond to some of the questions or could overestimate or underestimate their potential medical problems. The issues could lead to restrictions on the study's validity during the interpretation of the results. The aim of the present study was to perform a comparison between GC patients and a control group regarding several PD indicators. The aim was not to investigate a possible association between PD indicators, such as causal/risk factors, and GC development. The results showed no statistically significant difference between the groups examined in regard to epidemiological parameters of gender, age, educational, and socioeconomic level; however, OR's values for socioeconomic and educational level were slightly higher in the cases group compared with the controls (step 1a). Regular dental follow-up decreases the risk of PD, as this essentially reflects the level of oral hygiene; however, it has not been used in such studies. Its role would be considered indirect, i.e. non-regular dental followup contributes to dental plaque accumulation which in turn leads to PD, gingivitis, and periodontitis. No statistically significant difference between the cases and the controls was recorded regarding that parameter. Smoking is a proven risk factor for initiation and progress of both diseases, GC and PD, [22, 24] and a known confounder of cancer development. However, smoking in the cases group did not demonstrate a statistically significant difference from those in the control group. The results also revealed that the cases showed statistically significant higher values in gingival inflammation severity, according to GI, compared with the controls. These findings cannot be confirmed by previous reports as similar studies have not been performed. On the other hand, the use of the index is limited in epidemiological studies despite the fact that the index measures the inflammatory load of gingival tissue. Hujoel et al. [8] found that gingival inflammation could be a risk factor for several types of cancer development.
No statistically significant difference was noted regarding BOP between the cases and the controls. This finding was not in accordance with the higher gingival inflammation scores recorded in the GC group. That finding existed after controlling for potential confounders such as smoking, and socioeconomic status. BOP is a critical indicator of a periodontal diagnosis, and the most reliable indicator of PD activity. [25] Similar findings have not been reported by other investigators. A majority of the available studies have examined the possible association between PD parameters, (causal/ risk factors, and cancer development) and other PD parameters, such as tooth loss.
Also, statistically significant differences have been found between the cases and the controls, regarding clinical attachment loss (CAL) values. After assessing the ORs, the cases showed higher PPD values, compared with the controls. Similar findings have not been reported by other investigators regarding the CAL index. As already mentioned, a few studies have been carried out regarding the oral conditions in GC patients and other types of cancer. Critchlow et al., [26] found that patients with head and neck cancer had poor oral health at the time of diagnosis. Dental caries and PD were suggested as important clinical issues.
In a similar prospective cross-sectional study, individuals with oral or oropharyngeal cancer, showed a PPD of 6 mm or greater in 76% of the patients evaluated, while only 10% of the patients in the control group showed the same severity of disease. The main findings of the same study was an association between cancer and a more severe PD regardless of oral hygiene and dental health status. [27] Another important observation was that the GC patients showed more periodontal problems, i.e. gingival inflammation, and more PD activity in comparison with the controls. This finding should be regarded as clinically significant. Therefore it is obvious that PD is elevated in the cases group and more generalized and more severe compared to the control group. These observed differences would suggest clinical implications for the management of PD in GC patients. Based on the clinical observations that the initiation of both diseases (PD and GC) is considered a chronic inflammatory reaction, conservative periodontal therapy could reduce the biomarkers and mediators of the inflammatory response. Emphasis should be given to the preventive and strict oral hygiene of GC patients. [28] It is important to note that the inclusion of older individuals, who had at least 20 natural teeth, could lead to an underestimation of older individuals with previous PD. These patients may have had teeth extracted for periodontal reasons.
In conclusion, PD was statistically different in patients with a GC history as expressed by parameters such as GI and CAL compared with healthy individuals.
